Objective To investigate the relationship between frailty syndrome (FS) and adherence to pharmacological and non-pharmacological treatment for hypertension. Methods The study included 100 patients diagnosed with hypertension and treated with one or more hypotensive drugs. Results Frail patients obtained low scores (4.1 ± 2.0) for adherence to pharmaceutical treatment of hypertension, while non-frail patients obtained moderate scores (6.1 ± 2.1). Non-frail patients had higher scores in two out of four domains of the Health Behavior Inventory (HBI): positive mental attitudes (3.6 ± 0.4 vs. 3.2 ± 0.5; P = 0.006) and health practices (3.6 ± 0.5 vs. 3.2 ± 0.5; P < 0.03); as well as higher global scores (HBI raw score): 83.3 ± 10.6 vs. 77.3 ± 9.5; P < 0.03. Multiple regression analysis showed that frailty syndrome (FS) was a statistically significant independent determinant of worse adherence to pharmacological treatment (β = 0.27; P < 0.001) and health behaviors (β = 0.10; P = 0.036). Education was a statistically significant independent determinant of better adherence to pharmacological treatment (β = 0.82; P = 0.012), while net income positively affected health behaviors as measured by the HBI (β = 0.39; P = 0.046).
Introduction


According to the World Health Organization (WHO), hypertension is the primary cause of premature mortality. It is estimated that 7.5 million people die annually due to hypertension complications. In the Polish population, the prevalence of hypertension is 29%, and increases in patients aged 65 and over. [1] The increase in blood pressure (BP) at older ages is due to age-related vascular stiffness caused by the accumulation of calcium, smooth muscle hyperplasia in the arterial media, and the quantitative and qualitative alterations in vascular wall collagen. The most important factor in hypertension treatment in elderly patients is personalization. Avoidance of polypharmacy is another key aspect. In accordance with the European Society of Cardiology/European Society of Hypertension (ESC/ESH) guidelines, hypertensive treatment should be preceded by an in-depth analysis of global cardiovascular risk, while non-pharmacological treatment guidelines for elderly patients are the same as for younger age groups. [2] The Hypertension in the Very Elderly Trial (HYVET) showed that hypertensive treatment is safe and effective in patients above 80 years of age, and that hypertensive treatment in patients above 90 years of age should be continued if previously effective and well-tolerated. [3, 4] The appropriate lifestyle changes are fundamental for preventing hypertension. They should not justify delaying the start of pharmacological treatment in high-risk patients. Appropriate lifestyle modifications can have a hypertensive effect comparable to that seen with single-agent pharma-cological treatment. [5] The primary problem in non-pharmacological treatment is poor patient adherence in the longterm. The older population with hypertension has been reported to have poorer BP control than younger populations. [6] Appropriate lifestyle changes may reduce BP in patients who are already treated pharmaceutically, which in turn allows for reducing the dosage of hypertensive drugs. [7] The results of the Trial of Non-pharmacologic Interventions in the Elderly (TONE) indicate that in compliant patients, including the elderly, weight loss and sodium restriction bring about satisfactory decreases in BP. [8, 9] The BP drop in response to sodium-restricted diet is particularly marked in the elderly, in diabetic patients, and in patients with chronic kidney disease. [10, 11] Adherence to treatment and consistent medication-taking are key factors in treatment effectiveness, especially in elderly patients. Patient adherence is affected by their involvement in the treatment process, their understanding of its goals, and their overall wellbeing in the process. Approximately 55% of the elderly do not comply with the prescribed treatment. [12, 13] Doses are often omitted due to the adverse effects of treatment, financial considerations, age, concurrent diseases, and physical and cognitive impairment affecting vision, hearing, and strength (frailty). [14] In recent years, frailty syndrome in elderly patients has been widely discussed. It affects 15%-20% of patients older than 60, and 30% of patients older than 80. [15] Frailty and cognitive impairment have been implicated as a causative and prognostic factor in patients with cardiovascular disease (CVD). Frailty syndrome is associated with worse perceived health, more comorbidities, and social isolation of the patient. [15] A few studies investigated the role of the geriatric syndrome in adherence to treatment, and the available studies discussed chronic diseases other than hypertension. [16, 17] There is a discussion in the literature regarding the impact of age on adherence.
[1822]
The study aimed at identifying the relationship between frailty syndrome and adherence to pharmacological and nonpharmacological treatment, and at distinguishing the sociodemographic and clinical variables that can affect adherence to hypertensive treatment.
Methods
Patients
The study was performed between January and April 2015, at the general practitioners' clinic which belongs to the Department of Internal Medicine, Occupational Diseases, Hypertension and Oncology of the Wroclaw University Hospital in Wrocław, Poland. The study was based on anonymous surveys. Participation was voluntary, and each respondent provided informed written consent. All patients were informed about the purpose and course of the study and of their right to withdraw from the study at any time.
During the period of the study, 207 patients over 65 years were fulfilling the criteria. However, after meticulous verification 114 patients were qualified to the study: 14 patients were excluded from the study due to exacerbation of the concomitant diseases, 26 patients refused, and 53 patients were not able to fill out the questionnaires even with the assistance Mini Mental State Examination (MMSE) < 27 points. Out of the group of 114 patients, 8 patients did not fill out their questionnaires properly, and 6 patients withdrew their informed consent. Finally, 100 patients were enrolled into the study. The study group included 100 patients (mean age 73.4 ± 7.5 years) diagnosed with hypertension, with a minimum time from diagnosis of five years, as recommended by the European Society of Hypertension (ESH) guidelines.
[23] Another inclusion criterion was treatment with one or more hypertensive drugs. Exclusion criteria were: age under 65 years, severe cardiovascular complications or other severe comorbidities (hemodynamic instability, cancer, severe kidney failure, and dementia questionnaire MMSE result < 27). Patients were selected by a panel consisting of a physician and a nurse-specialist in the field of cardiac nursing. The sample group was homogeneous and suitable for statistical analysis.
Ethical consideration
The study was approved by the Bioethics Committee (approval No. KB 136/2015); all recruited patients provided their informed and voluntary consent to participate in the study.
Instruments
Three validated instruments were used: the Tilburg Frailty Indicator (TFI), the Health Behavior Inventory (HBI), and the 8-item Morisky Medication Adherence Scale (MMAS-8). The scales were distributed by a cardiac nurse within two days of admission at the Clinic. The patients answered the questions themselves.
Patient records were analyzed and interviews were conducted by a nurse to gather socio-demographic data (age, sex, education, marital status) and clinical parameters (ESC hypertension grade, comorbidities, time from diagnosis, BP monitoring, medication types and schedule, non-pharmacological treatment methods).
The definitions of both the geriatric syndrome spectrum and its components are constantly evolving and expanding. The present analysis included the components of the geriatric http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology syndrome spectrum having a documented impact on prognosis, namely, frailty and polypharmacy. [11] Frailty was assessed using the Tilburg Frailty Indicator (TFI), [24] adapted for use in Polish population, which comprises two parts. [25] The first part records socio-demographic characteristics (sex, age, marital status, country of origin, educational level, and monthly income) and potential contributors to frailty (lifestyle, comorbidities, life events, home environment). Part two of the TFI comprises 15 self-reported questions in three domains. The physical component (scored in total between 0 and 8 points) comprises 8 items related to physical health, unexplained weight loss, walking difficulties, balance issues, problems with hearing and eyesight, manual strength, and fatigue. The psychological component (scored between 0 and 4 points) consists of 4 questions regarding cognitive function, symptoms of depression and anxiety, and coping mechanisms. The social component (scored between 0 and 3 points) contains three items concerning living alone, social relationships, and social support. In the second part of the TFI, two response variants are offered in 11 questions ("yes" and "no"), and three response variants are offered in the remaining ones ("yes", "no", and "sometimes"). One point is given for "yes" and "sometimes" responses, and 0 points for "no" responses. The total score in the questionnaire ranges between 0 and 15, with higher scores indicating more severe frailty. TFI scores ≥ 5 indicate a diagnosis of frailty. In previous studies, TFI was proven valid and reliable for frailty assessment. [25] The HBI, developed by Juczyński, comprises 24 items related to various health-related behaviors. Beneficial health-related behaviors and their degrees are assessed in four categories: (1) healthy eating habits, (2) preventive behaviors, (3) health practices, and (4) positive mental attitudes. The category of healthy eating habits includes eating whole meal bread, fruit, and vegetables, and avoiding salt, animal fats, sugar, and preservatives. Preventive behaviors comprise adherence to recommendations, regular medical follow-ups, and seeking health-related information. Health practices are behaviors related to sleep, exercise and leisure in daily life. The criteria for "positive mental attitudes" listed by the author include avoiding extreme emotions, stress, tension, and depressing situations. Patients complete the questionnaire by scoring each behavior using a five-item Likert scale indicating how often they engage in the behaviors (1: almost never, 2: rarely, 3: from time to time, 4: often, 5: almost always). HBI scores range from 24 to 120 points. Higher scores indicate more self-reported engagement in the health-related behaviors. The raw total score is standardized using a Sten scale. The author suggested the following Sten ranges: Sten 1-4, low scores; Sten 5-6, moderate scores; and Sten 7-10, high scores. Separate results for each category of health behaviors are also calculated. [26] The internal consistency of the HBI, as indicated by Cronbach's alpha, was 0.85 for the whole scale, and between 0.60 and 0.65 for each subscale separately. The test-retest correlation coefficient was 0.88. The HBI can be administered both to healthy and ill adults. Its uses include planning prevention and lifestyle interventions, as well as monitoring changes in health-related behaviors. Adherence to treatment was assessed using the self-reported MMAS-8. In a clinical setting, the MMAS-8 is easily administered, reliable and cost-effective. The purpose of the MMAS-8 is to help identify behaviors and barriers related to chronic medication adherence. It was found to be reliable and significantly correlated with BP control in hypertensive patients, and with hypertensive medication fill rates. MMAS-8 scores may range between 0 and 8, with scores of < 6, 6 to < 8, and 8 indicating low, medium, and high adherence, respectively. [27, 28] Use of the MMAS © is protected by US and International copyright laws. Permission for use is required. A license agreement is available from Donald Morisky.
Data analysis
The survey results were recorded in an MS Excel spreadsheet, and then analyzed using the STATISTICA 10 software (StatSoft, Inc. Tulsa, USA). The statistical analysis involved the following operations: (1) for all measurable variables, both continuous (age, years from diagnosis) and discrete (TFI, HBI, and MMAS-8 scores), the basic descriptive statistics were calculated: means (M), standard deviations (SD), medians (Me), lower and upper quartiles (Q 1 and Q 3 ), and minimum (Min) and maximum (Max) values. For nominal and ordinal variables, numbers (n) and percentages (%) were calculated. The significance of correlations between frailty syndrome and nominal variables was verified using the chi-squared test or Fisher's exact test. The significance of correlations between frailty syndrome and continuous variables was verified using Student's t-test or the Mann-Whitney U-test. The strength and direction of correlations between pairs of variables was determined using Spearman's rank correlation coefficients (rho) and, in single-factor analysis, regression coefficients (b). For all statistical tests, the significance threshold of P  0.05 was used.
Results
The patients clinical data were shown in Table 1 . The In 63.3% of the respondents, the polytherapy was applied in the treatment of hypertension. Table 2 shows the respondents' clinical characteristics in relation to frailty. Frail patients (TFI  5) had a significantly longer time from hypertension diagnosis than non-frail patients (12.9 ± 6.4 vs. 9.4 ± 4.0; P = 0.039). In the frail group, pharmacological adherence (MMAS-8) was significantly lower (4.1 ± 2.0 vs. 6.1 ± 2.1; P = 0.001), which means that frail patients show low adherence to pharmacological treatment for hypertension, while non-frail patients show moderate adherence.
Adherence levels (MMAS) and the degree of frailty
Among the frail patients, as many as 77.9% obtained low adherence scores, and only 5.8% had high adherence to pharmacological treatment. Meanwhile, in the non-frail group, low adherence was found in 35.7% of patients, and high adherence was found in 28.6%. The differences between frail and non-frail patients in terms of adherence to treatment were statistically significant (P = 0.002) ( Table 2 ).
Health behaviors and the degree of frailty
The analysis of respondents' health behaviors revealed statistically significant differences between the studied patients in terms of the individual HBI domain scores depending on TFI results. Non-frail patients had higher scores in two out of four domains of the HBI: positive mental attitudes (3.6 ± 0.4 vs. 3.2 ± 0.5; P = 0.006) and health practices (3.6 ± 0.5 vs. 3.2 ± 0.5; P < 0.03); as well as higher global scores, both raw (83.3 ± 10.6 vs. 77.3 ± 9.5; P < 0.031) and Sten (6.2 ± 1.6 vs. 5.2 ± 1.3; P = 0.017); Table 3 . No differences were found for the "healthy eating habits" and "preventive behaviors" domains depending on frailty status (Table 2 ).
Correlations of socio-demographic and clinical characteristics with HBI and MMAS-8 scores
The impact of the analyzed socio-demographic and clinical characteristics was assessed by calculating Spearman's rank correlation coefficients for the MMAS and HBI scores and the analyzed predictors. Spearman's rank correlation coefficient values (rho) and significance levels (P).
Single-factor analysis of the selected variables showed that pharmacological adherence as assessed using the MMAS-8 is significantly negatively affected by: age (rho = 0.441; P < 0.001); time from diagnosis (rho = 0.415; P < 
Table 4. Multiple regression coefficients (b) and their significance (P) for the analyzed predictors of adherence (MMAS-8) and health-related behaviors (HBI).
Adherence (total
MMAS-8 score)
Health-related beha- 0.001); the physical (rho = 0.391; P < 0.001), psychological (rho = 0.386; P < 0.001), and social (rho = 0.363; P < 0.001) TFI components; and the overall frailty score (rho = 0.486; P < 0.001). The correlation analysis showed a positive impact on pharmacological adherence for the following variables: living with a partner/spouse (rho = 0.292; P = 0.004), education (rho = 0.392; P < 0.001), and net income (rho = 0.399; P < 0.001) ( Table 3 ). The analysis of correlations between the selected variables and the global HBI score revealed the strongest positive correlation with net income (rho = 0.372; P < 0.001), Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com and a negative correlation with all the frailty components assessed by the TFI: social (rho = 0.307), physical (rho = 0.284), psychological (rho = 0.220), and the overall frailty score (rho = 0.365) ( Table 3 ).
viors (total HBI score) Predictor
Determinants of HBI and MMAS-8 scores
Multiple regression analysis of all the factors identified as significant determinants of adherence and health-related behaviors in univariate analysis showed that education was the only determinant of better adherence as measured by the MMAS-8 (β = 0.82; P = 0.012), while net income was a positive determinant of health behaviors in the HBI (β = 0.39; P = 0.046). The total TFI score indicating frailty was a statistically significant independent predictor of worse adherence to pharmacological treatment (β = 0.27; P < 0.001) and health behaviors (β = 0.10; P = 0.036) ( Table 4) .
The multiple-factor analysis yielded two models for estimating the MMAS-8 and HBI scores based on the total TFI score, as well as on education (for MMAS-8) or net income (for HBI). The models have a high statistical significance (P < 0.001). MMAS-8 = 4.8 + 0.82 × Education -0.27 × TFI. 
Discussion
The identification of causes of non-adherence to pharmacological treatment is a key factor in planning therapeutic interventions aiming at increasing control, preventing complications, and improving long-term outcomes and any adverse effects of treatment. Precise identification of contributors to low medication adherence is crucial for improving treatment effectiveness and for distinguishing the patients in need of additional supervision in order to decrease the risk of complications from untreated hypertension. [14] Diagnosis of frailty and of the associated difficulties in adhering to treatment allows for targeting the elderly patients with a poorer prognosis and at risk of complications from untreated or under-treated hypertension, and for planning interventions to improve hypertension control. [24, 25] In the present study, as many as 78% of frail patients failed to adhere to the pharmacological treatment of hypertension or to the recommended health behaviors. Frail patients had lower scores in the "positive mental attitudes" and "health practices" domains, as well as lower global scores in the Health Behavior Inventory, than non-frail patients. In multiple-factor analysis, frailty was an independent predictor of worse adherence to pharmacological treatment and to the recommended lifestyle changes.
Literature features conflicting reports on the relationship between frailty and adherence. A study of chronic dialysis patients by Chao, et al. [16] demonstrated, contrary to the present findings, significantly poorer medication adherence in non-frail patients, whereas Talegawkar, et al. [29] investigating the relationship between frailty and adherence to the Mediterranean diet, reported that non-frail patients showed better adherence to diet recommendations than frail patients. Similarly as reported by Jankowska, et al., [30] higher severity of frailty among elderly patients may be considered a determinant of lower adherence. However, some publications report no correlation between frailty and adherence. [16, 31, 32] Chao, et al. [16] links better adherence found in frail patients to their older age, stating that elderly patients pay more attention to their illness and symptoms, and are thus more compliant with the prescribed treatment plans. Other authors suggest that the differences in adherence between frail elderly patients and younger individuals can be associated with cognitive impairment and with the less accurate reporting of adherence by the elderly. [33] In literature, there is also a discussion on the relationship between patient age and adherence. In the present study, older age (> 70 years) was a predictor of worse adherence to medication in hypertension. Similar results were reported by Karakut, et al. [34] and Jassim, et al., [35] with patients above 70 years taking their medication less consistently than younger patients. In research by Jankowska-Polańska, et al., [30] younger age was associated with better reported health behaviors in the "health practices" domain. Also Jackevicius, et al. [36] and Lam, et al. [37] report a correlation between younger age and better pharmacological adherence. Some publications, though, indicate older age as a predictor of better adherence to medication. [38] [39] [40] In elderly patients, factors decreasing adherence can also include multimorbidity and polypharmacy, adverse effects of treatment, unfulfilled expectations regarding treatment outcomes, and adverse drug interactions. Treatment outcomes do not always match patient expectations, which can result in discontinuation of the prescribed medication. A high pill burden is expectedly another important barrier to adherence, as a systematic review revealed that the prescribed number of daily doses and dosing frequencies are inversely associated with treatment and medication adherence. [41] Literature proves the benefits in terms of adherence brought about by decreasing the number of drugs prescribed. Patients taking a single pill or a single daily dose show better adherence. [20, 42] Duration of illness is another predictor of worse pharmacological adherence. This is another aspect where the present study contributes to the literature discussion. In single-factor analysis, longer duration of illness (time from http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology diagnosis) was associated with worse pharmacological adherence. Meanwhile, in a study by Hyre, et al., [43] lower adherence was correlated with durations of illness shorter than 10 years, and in a study by Lee, et al., [22] shorter than five years. These author link the better adherence in patients who have lived with the disease longer to their better understanding of the illness, better relationship with the prescribing physician, and greater faith in their physician's advice. [44] In the single-factor analysis in the present study, significant stimulants of better pharmacological adherence included living with a partner/spouse, education, and net income. Better adherence to health behaviors was associated with net income only. Literature often describes the positive impact of social support on adherence. [30, 45] Patients living in happy families also show better adherence than those with conflicted families. Marriage or living with a partner is reported as another factor improving adherence. [46] In the present study, single-factor analysis identified living with a partner/spouse as a statistically significant predictor of better pharmacological adherence. In a study by Marcum, et al., [47] being single was an independent predictor of nonadherence.
In our multiple-factor analysis, net income indicating a good financial standing was a significant independent determinant of better adherence to lifestyle changes and health behavior recommendations. The WHO [48] emphasizes that in 15% of 167 investigated states, antihypertensive treatment is too expensive. In a study by Karakut, et al., [34] patients with low incomes did not adhere to treatment, although income was not reported as an independent determinant of adherence. In Poland, pharmacological treatment costs are a significant challenge for hypertensive patients, which may cause them to disregard the recommended lifestyle changes, as seemingly less important. Alghuriar, et al. [49] state that financial barriers can be a problem in adherence, but are rarely investigated in studies.
Study limitations
This study has many limitations. The most important limitation is the fact that the study sample was very small and recruited from a single center. We plan to extend our research on this subject in the future. Another limitation is the fact that the level of adherence in our study was only measured using a direct method based on a self-reported questionnaire. The results were not verified by indirect methods, such as the use of physiological markers, pharmacy records or drug concentrations in bodily fluids for monitoring the treatment, which could be significant in elderly patient. The other limitation of this study was the lack of knowledge about the reasons of why the questionnaires were not filled out properly.
The analysis of treatment of chronic diseases other than hypertension, as well as possible polypharmacy, drug interactions, and side effects was not included, though these factors may also contribute to the level of adherence and severity of frailty among elderly patients with hypertension.
Conclusions
Frailty is associated with poor adherence to pharmacological treatment and health-related behaviors in hypertension. Frailty syndrome is a significant independent factor contributing to worse adherence to pharmaceutical and nonpharmacological treatment of hypertension. Better education significantly improves patients' adherence to the prescribed pharmacological treatment, while a good financial standing evidenced by high net income is a determinant of better adherence to health-related behaviors recommended in hypertension treatment.
